DURING the past ten years there have been many forms of apparatus placed on the market for the treatment of pyorrhcea by electrical means. A number of these deal with radiations which can be classed as ultra-violet. It is my intention to-night to confine myself to the radiations produced by the following means: True ultra-violet lamps such as:
(I) Mr. SPAIN. DURING the past ten years there have been many forms of apparatus placed on the market for the treatment of pyorrhcea by electrical means. A number of these deal with radiations which can be classed as ultra-violet. It is my intention to-night to confine myself to the radiations produced by the following means: True ultra-violet lamps such as:
(i) Carbon arc; (ii) tungsten arc; (iii) mercury vapour lamp; (iv) low penetration X-rays, and, although not strictly in the ultra-violet category, (v) high frequency currents. I propose to deal first with the description of the different apparatus, the type of radiation produced, and, in brief, the properties of that radiation.
Both Mr. Doubleday and myself are prepared to have pointed out to us that very little, if any, good has ever resulted from their use in the treatment of pyorrhaea; but we must take into consideration the fact tat they are all being used with considerable success by medical men or e treatment of many diseases, one of which is certainly similar to pyorrh\a i its aspect, and therefore it becomes us, as dental surgeons, at least tnderstand their properties and limitations.
At the commencement of this paper I will explain briefly the position of the ultra-violet radiations in the spectrum, and their relations to X-rays on the one hand and wireless waves on the other.
In 1666 Sir Isaac Newton, by causing a beam of light to be cast through a prism, produced the first spectrum, and it was found that the reason why the different colours were refracted to different degrees was because they differed in wave lengths. The figures above the spectrum give us roughly the wave lengths of the colours making up ordinary light. We shall see later that the sun's rays contain waves of greater and lesser length than can be seen with the eye.
In our early studies of physics, which doubtless many of us have forgotten, we learnt what a wave length was. For the sake of those whose minds have been o-OD 1 rlune 23, 1924. occupied by other more important things since that day, may I briefly explain it. When an electric current is passed through a piece of wire such as an electric lamp, exceedingly rapid vibrations or oscillations are set up, which communicate themselves in the form of impulses with the surrounding ether in a similar way to that in which water is disturbed in a pond when a stone is thrown into it. All these impulses travel away from their source of origin at the same speed, that is roughly 180,000 miles per second. If therefore, the number of vibrations be 180,000 per second, one impulse would have travelled a mile when the next impulse started, and each following impulse would follow at the same rate. These waves or radiations would, therefore, be one mile in length. The vibrations are, however, very much more rapid, so that one impulse can only proceed T-n c00 mm. (five hundred millionths of a millimetre) before being followed by the next. These waves are therefore five hundred millionths of a millimetre in length. The human eye is susceptible to vibrations round about this wave length, and we call it light. Newton did not know, as we know now, that at each end of the spectrum there exist, if we had the means to detect them, radiations of infinitely lesser and greater length and up to the present time we have been able greatly to extend this spectrum from waves of miles in length on one hand, to those of infinite smallness, on the other ( fig. 1 ).
It is exceedingly interesting in regard to the penetrative properties of these radiations to compare the whole range ( fig. 2 ) because the limitations of the lLow. -]F-ultra-violet in the matter of penetration are of great importance to us in regard to their use for treatment. Thus, the long Hertzian or wireless waves penetrate most things to a great degree; the infra-red, or heat waves penetrate also in a lesser and varying degree both metals and glass and other substances. The light waves penetrate substances such as glass, quartz, and many liquids, and we call these substances " transparent." The shorter ultra-violet are the least penetrative of all, then we come to the X-rays which penetrate all substances according to their atomic weight. Now we come in detail to the .ultraviolet. I have purposely, as we cannot in any way call ourselves a physical society, referred to the length of these waves in millimetres or fractions of them, but science has given other units such as micron and Angstrom units ta denote their infinite smallness. I will, however, for the sake of clearness stick to millimetres and speak in millionths of a millimetre. This is ecquivalent to a millimicron. The length of the shortest visible wave-e.g., violet lightis roughly 400. Shorter than this, we can divide into three regions ( fig. 3 ).
..High~~~~~~~~~~~~~~~~~~I Near region 300-400.
The first important point to consider is the penetration of these rays. On this slide we see that the penetrations, which between 300 and 400 are fairly high, drop very rapidly at less than 300, and at under 200 are almost nil.
Glass will only pass rays longer than 340; quartz 185; flourite 120. Hence the use of quartz lens for focussing shorter wave lengths. When we get to the X-ray, however, the penetration slowly rises until with the very hard or highly penetrative X-ray, the penetration is very considerable. The question of penetration is a most important one, as it is obvious that unless the radiations reach the site of the disease in sufficient quantity, no direct beneficial result can accrue. I would like to emphasize the word " direct " here, as it is highly probable that the results obtained are in the majority indirect. Some interesting experiments have been lately tried on rats, when it was found that ultra-violet radiation had a similar effect on these animals to the administration of vitamins. Also, in the treatment of rickets the whole trunk is exposed to the radiations, the majority of which cannot penetrate to any great distance, hence the assumption that the main action of these radiations may be general.
The next point of importance is the effect of the radiations on living matter. It is well known that sunlight possesses germ-destroying properties; these properties are largely due to the presence of ultra-violet rays. The spectrum of sun's rays reaches from, roughly, 295, to infra red, well over 1,000 ( fig. 4) Now experiments have shown that in waves longer than 300 there are practically no germicidal properties, so that all the effective germicidal work is done from this source on a very short wave band. The sun itself, of course, gives out ultra-violet waves of a much shorter length, but these waves by a merciful dispensation of Providence, are absorbed before they reach us in the outer layers of the atmosphere.
It is interesting to give the modern scientific explanation of that. The waves shorter than 295 act upon oxygen and produce ozone, so that when first the sun's rays reach our atmosphere, ozone is formed in some quantity. At the same time ozone has the property of absorbing the radiations less than 295, hetce only those above that figure reach the earth. Below 295 the ultra-violet rays are powerfully germicidal ( fig. 5 ).
Shorter than 200-down to 60-the radiations have not been much explored, but below 50 they become X-rays, and then, as we have seen, become more Section of Odontology 85 penetrative, and still possess germicidal qualities. These properties, together with their great penetration, make the X-rays so dangerous to handle. To recapitulate the facts at which we have arrived, we see that while the longer ultra-violet radiations penetrate to a marked degree, they have no harmful effects on bacteria, and that it is only when the penetration becomes almost nil that the effect on bacteria becomes marked. When we get down to X-rays, however, we get both penetrative and bactericidal properties ( fig. 6) .
Passing now to the high-frequency current which is perhaps used far more at the present time than ultra-violet radiation, we are not, strictly speaking, dealing with ultra-violet radiation at all, in spite of the fact that it is popularly referred to as "violet ray."
This apparatus, while possibly producing a very small quantity of ultraviolet radiation, in the main does its work by producing an electric current of very high voltage and exceedingly low amperage, so that the current leaves the end of the vacuum tube electrode in the form of a " brush " discharge. This discharge enters into the tissues and is said to carry with it the medicament which is placed in its path. This, however, is very unlikely. It is sometimes used without any intervening pad; in that case, the spark either acts as an electrocuting agent or by the formation of ozone in the tissues, which has an oxidization effect. It seems, however, quite likely that an electric discharge produced in a partial vacuum must produce a small quantity of both short ultra-violet rays or even soft X-rays, which would have definite germicidal effects, but the quantity would be very small indeed. Its effects, however, are very little known, and it is impossible to dogmatize about them.
The three main types of lamps for producing ultra-violet radiation are the following: (i) The Carbon Arc Lamp.-In this lamp the radiations are produced by an electric arc between two carbon rods. The current used is about 6 or more amps. If ordinary carbon rods are used, although the majority of the radiations are above 300 and therefore approximate to sunlight, there are a small quantity of the shorter rays. If, however, carbons are used which are impregnated by various substances, the radiations are materially -altered, and in the lamp employed a good deal at present, by using carbons impregnated by the rare earths, a "white flame" arc is produced which gives radiations very rich in long ultra-violet radiation, but with none of the germicidal short rays.
(ii) The Tutngsten Arc Lamp.-This is an arc produced between two tungsten rods, the lamp being kept cool by circulating water. This arc gives, in addition to the longer ultra-violet radiation, a good quantity of the shorter ones (250 to 300) which have very definite germicidal properties.
A lens of quartz is often added to this lamp for dental purposes which will concentrate the rays. Great care must be exercised in using this lamp to avoid injury to the eyes.
(iii) The Mercury Vapour Arc.--This lamp consists of a quartz tube or glass tube with a quartz window partly filled with mercury. By tilting the tube a spark is struck between the two terminals in it by the flowing mercury and an arc is formed. The ultra-violet radiations produced are from 240 upwards.
The quartz window has to be used as these shorter wave-lengths would be stopped by the glass; the current used in this lamp is upwards of 6 amps at 110 to 220 volts with a suitable resistance in circuit. Here again, great care must be taken to protect the eyes.
(iv) X-rays.-I need not go into detail about the production of X-rays as it is familiar to you.
By the use of a blunt focus Coolidge tube and a suitable current generator, these rays can be produced in any degree of penetration and their dosage worked out accurately.
(v) High-frequency Apparatus.-The high-frequency apparatus is also one with which you are acquainted. In this case a high tension current is produced by means of an induction coil. This in turn, by means of a suitable condenser and spark gap, is converted into high-frequency current which is led into a vacuum tube and so applied to the gum.
The following conclusions may be stated:
(1) In cases of pyorrhcea, owing to the fact that the bacteria are usually deep-seated, the use of the ultra-violet short waves, as a bactericidal implement, is of little value owing to their lack of penetration.
(2) We must therefore rely on the general effects of the radiation, as is done in the treatment of rickets. This paper is merely intended to point out the properties and limitations so far as we know them. In conclusion, I must express my indebtedness to Mr. Schall for his assistance, both with advice and loan of an apparatus, and also to Mr. Lucish, whose recently published book is of the greatest assistance to those who are interested in this subject, which is in its infancy, and about which so little is known.
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I fully agree with those who believe that in cases in which general infection is shown to be due to mouth sepsis, extraction rnust follow. But I also believe in the value of a patient's own dentition as compared with any artificial one. If this position is accepted, it logically follows that we should examine and comment upon any treatment which may help us to check the early stages of mouth infection.
When Mr. Spain asked me to make experiments in order to ascertain the utility of these new forms of electroand radio-therapy which he has brought before us to-night, I carried out the following experiments:
(1) A mixed growth of Micrococcus catarrhalis, Staphylococcus, and Micrococcus tetragenuts from cultures taken from pyorrhcea pockets was incubated in broth for twenty hours, and then plated on agar, on Petri dishes. In the first series of experiments the white flame carbon arc only was used. These cultures were exposed for twenty minutes, at a distance of 20 inches, no concentration of rays being used. There was no difference in the resulting growth after forty-eight hours' incubation. The exposed culture grew as freely as the control.
Second Series of Expueriments. Five agar Petri plates were inoculated with a mixed growth and incubated for twenty hours.
[Five plates.]
(1) Control.
(2 and 4) Were exposed to the tungsten arc at a distance of 6 in. for ten iiminutes; there was little inhibition of growth.
(3) Was exposed to a " white flame " carbon arc at a distance of 18 in. for fifteen minutes. No inihibition of growth resulted.
(5) Was exposed to soft X-rays at a distance of 8 in., for four minutes; there was no inhibition of growth.
Third Series of Experiments.
[Six plates.]
(2) Thirty-five minutes' exposure. Distance 6 in. frolml the tungsten arc. Three amiips and 220 volts. Slight inlhibition of growth.
(3) Thirty-five milnutes' exposure, white flame carbon arc. Distance 18 in. from the lamp. 220 volts. Definite inhibition of growth.
(4) Same as (1) except that the culture was covered with two thicklnesses of goldbeater's skin. No inhibition of growth.
(5) Mercury vapour arc fifteen minutes. Distance 18 in. Five amps. 220 volts. No inhibition of growth.
(6) Ten milli-amps medium soft radiation froin X-ray tube. Distance 8 in. Time fifteen minutes in one minute doses. No inhibition of growth.
[These experiments were illustrated by lantern slides.]
Taking the experiments as a whole we conclude that the methods of treatment inhibit the growth of organisms in varying degrees, but that they do not appear totally to kill them. I desire to record my appreciation of the help which was received from Miss Butler in carrying out the bacteriological part of these experiments.
